Monoclonal antibodies to the envelope glycoproteins, HN and F, of human parainfluenza virus type 3 were coupled to a Sepharose 4B matrix and used for affinity purification of the viral glycoproteins. The purity of the glycoproteins was demonstrated by SDS PAGE followed by fluorography or silver staining. The antigenicity of the glycoproteins was determined by immunization of rabbits; polyclonal rabbit antisera demonstrated inhibition of functional activities of the virus glycoproteins. The F glycoprotein, when reconstituted into lipid vesicles, showed distinct spike-like projections similar to those of intact virions.
INTRODUCTION
Human parainfluenza viruses are responsible for serious lower respiratory tract infections in infants (Chanock et al., 1961 ; Chanock & Parrot, 1965 ; Mufson et al., 1970; Glezen et al., 1971 Glezen et al., , 1984 Tyeryar, 1978 Tyeryar, , 1983 . Parainfluenza viruses type 1 and type 2 have similar epidemiological patterns; they tend to cause epidemics in the autumn and early winter, usually appearing every other year and causing croup in children between 1 and 4 years of age. Infections usually do not occur in the first 6 months of life. On the other hand, human parainfluenza virus type 3 (PI3 virus) behaves epidemiologically more like respiratory syncytial virus. Parainfluenza virus type 4 is considered to be less important and less is known about this virus.
The haemagglutinin-neuraminidase (HN) and fusion (F) glycoproteins of paramyxoviruses form spikes on the external surface of the envelope and are responsible for initiation and progress of the infection processes (Scheid et al., 1972; Homma & Ohuchi, 1973; Scheid & Choppin, 1974) . The importance of antibodies to parainfluenza virus HN and F glycoproteins for prevention of infection has been documented previously (Merz et al., 1980; Choppin & Scheid, 1980) . The virion polypeptides of PI3 virus have been identified in several laboratories (Guskey & Bergtrom, 1981 ; Goswami & Russell, 1983; Storey et al., 1984; Sanchez & Banerjee, 1985; Jambou et al., 1985; Ray et al., 1985) . Purified envelope glycoproteins of PI3 virus have been shown to be effective in eliciting an antibody response and confer protection from challenge infection in hamsters (Ray et al., 1985) . On the other hand, immunization with formalin-inactivated whole virus induced an antibody response to the envelope glycoproteins, but provided only partial protection from challenge infection. Loss of important antigenic sites has been suggested to occur with formalin-inactivated mumps virus vaccine (Norrby & Penttinen, 1978) . In a serological study with naturally infected children, the antibody response to the HN glycoprotein has been reported to rise progressively during infection and reach a maximum at 8 to 10 months of age, after which antibody rises to the F glycoprotein . Development of antibodies to both the glycoproteins has been correlated with protection from virus infection. The limited antibody response to the F glycoprotein, either after immunization of animals with envelope glycoproteins or in naturally infected children, appears to be due to the lower abundance or immunogenicity of the glycoprotein. Based on the previous experience with measles virus, inclusion of immunologically active fusion protein in vaccine leucine-labelled crude virus preparation was treated with lysis buffer and the detergent lysate (lane 1) was employed for purification of HN and F using the respective antibody coupled to Sepharose 4B column. Lanes 2 and 3 show single bands corresponding to HN and F1, respectively, under reducing conditions. The HN glycoprotein did not show any disulphide-linked subunit structure, as it appeared as a band with the same molecular weight under non-reducing conditions (lane 4). On the other hand, the fusion glycoprotein appeared as a higher molecular weight band (lane 5) under non-reducing conditions. Fig. 2 . Analysis of the purity of HN and F glycoproteins by SDS PAGE (10~) followed by silver staining. Virus-infected cells were treated with lysis buffer and the detergent lysate (lane 1) was used for purification of the two glycoproteins using the respective antibody coupled to a Sepharose 4B column. Lanes 2 and 3 show bands corresponding to the HN and F glycoproteins under reducing conditions. The fusion glycoprotein was resolved as two major bands (F 0, F l). Vesicular stomatitis virus proteins were used as molecular weight markers (lane 4).
adjuvant and injected intramuscularly into rabbits. Rabbits were boosted subcutaneously 2 weeks later. Each rabbit received a total of 45 gg (3 x 15 gg) of the purified glycoprotein. Sera were collected following the last week of immunization.
Other methods. SDS-PAGE, immunoprecipitation (IP), haemagglutination (HA), haemagglutination inhibition (HI), fusion inhibition (FI) of virus-infected BHK cells, plaque neutralization (NT), immunofluorescence (IF) and protein estimations were carried out following the procedures described previously (Ray et al., 1985) . Cleveland peptide mapping was performed using Staphylococcus aureus V8 protease (Cleveland et al., 1977) . Silver staining of polyacrylamide gels was done following the procedure of Oakley (1980) .
R E S U L T S

Purification o f PI3 virus envelope glycoproteins
The efficiency of coupling of the monoclonal antibodies to the Sepharose 4B matrix was determined to be about 6 mg Ig per ml of swelled gel. The glycoproteins bound to the affinity column showed a broad elution peak which was probably due to antibody excess in the matrix. A detergent-soluble crude virus preparation was used initially for affinity purification of [3H]leucine-labelled envelope glycoproteins, which were analysed by SDS-PAGE followed by fluorography ( Fig. 1 ). Both HN and F appeared as single bands with tool. wt. of about 72000 (72K) and 54K, respectively, under reducing conditions. Further analysis of the glycoproteins under non-reducing conditions did not alter the position of migration of HN. However, F migrated as a diffuse band at a higher mol. wt. of about 70K, presumably representing the disulphide-linked F1-F2 complex of the fusion protein as has been reported for other paramyxoviruses. We could not usually resolve the lower molecular weight F2 subunit of the glycoprotein under reducing conditions even in a 15~ polyacrylamide gel.
To investigate further the purity of the glycoprotein preparations, viral glycoproteins isolated from infected cell lysates were analysed by silver staining (Fig. 2) . HN appeared as a major band of 72K and a minor band of about 74K. The minor 74K band may represent trace contamination by the F0 glycoprotein or a different glycosylated form of HN present in the virus-infected cell lysate. The fusion glycoprotein showed two major bands around 74K and 54K, probably representing F0 and Fx respectively. The presence of Fo under reducing conditions is probably due to the lack of cleavage of some of the fusion protein present in the virus-infected cell lysate.
An average yield of 30 lag HN and 25 lag F could be recovered from l0 s virus-infected cells or virions purified from 109 cells following the affinity purification procedure. The purified HN was tested for HA activity with 0.3 ~ chicken red blood cells and showed a titre of 30 HAU/lag HN. showed the appearance of small star-shaped aggregates with an amorphous appearance (Fig.  3a) . In contrast, the purified F glycoprotein consisted of aggregates of spike-like projections (Fig. 3b) .
Morphology of purified glycoproteins
Antibody response to purified glycoproteins Rabbit antisera to the affinity-purified fractions were tested by IP to determine the antibody response to the individual glycoproteins. Sera from rabbits immunized with H N or F glycoproteins were each found to precipitate the respective polypeptide bands (Fig. 4) . To demonstrate that the two closely migrating polypeptide bands, HN (lane 2) and F0 (lane 4), were distinct polypeptides, the bands were cut out from the dried gel and analysed by peptide mapping (Cleveland et al., 1977) . The S. aureus V8 protease-digested polypeptide cleavage products showed differences in their electrophoretic patterns (lanes 5 and 6), confirming each polypeptide to be unique. Rabbit antisera were also tested for inhibition of the biological activities of the virus by HI, NT and FI tests. The antiserum to the HN glycoprotein showed a reciprocal HI titre of 128 and NT titre of 200 but failed to show any inhibition of virus-induced cell fusion up to an Ig concentration of 1.6 mg/ml of culture medium. On the other hand, rabbit antiserum to the F glycoprotein did not show a detectable HI titre (8) but had a NT titre of 400 and inhibited fusion of virus-infected cells up to an Ig concentration of 0.8 mg/ml of culture medium (Fig. 5) .
Characterization of glycoproteins reconstituted in lipid vesicles
Initially, we attempted to reconstitute the glycoproteins into lipid vesicles by solubitizing both the components in octyl glucoside with subsequent removal of the detergent by dialysis, which yielded aggregated glycoproteins and mostly naked vesicles. This was probably due to irreversible aggregation of the glycoproteins during concentration. We observed that such aggregation could be avoided by directly concentrating the eluted glycoproteins under vacuum in a collodion bag, immersed in buffer containing 2~o cholic acid instead of octyl glucoside to remove sodium thiocyanate from the eluted glycoproteins. To prepare reconstituted vesicles, a dried film of phosphatidyl choline and a trace amount of 14C-labelled lipid were dissolved in sodium cholate, and mixed with [3H]leucine-labelled purified glycoproteins solubilized in the same detergent. The sample was concentrated following removal of detergent by dialysis and analysed by electron microscopy. A heterogeneous mixture of aggregated glycoproteins and mostly naked lipid vesicles was observed in the reconstitution experiment with HN (not shown), However, similar experiments with the F glycoprotein yielded lipid vesicles with spike-like projections. In order to purify further the lipid vesicles reconstituted with F, the material was applied on to a 10 to 60~ linear sucrose gradient for centrifugation. Positions of lipid and protein were determined from radioactivity of aliquots collected from the gradient (Fig. 6) . A parallel control of lipid vesicles without glycoprotein was also run to ascertain the differences in density of 'the reconstituted glycoprotein vesicles. The reconstituted vesicles appeared as a diffuse band around a density of 1.156 g/ml, as compared to a density of 1-08 g/ml of the naked lipid vesicles. Reconstituted glycoprotein fractions were pooled and dialysed overnight against 10 mM-Tris-HC1, 150 mu-NaC1, 0.01~ NAN3, pH 7-8. After dialysis, the preparation was examined in the electron microscope. The reconstituted vesicles containing the F glycoprotein showed distinct projections radiating from the surface of the lipid vesicles (Fig. 7) . The average number of surface projections was of the order of 18 to 20 and their average length was 12 nm.
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The diameter of the lipid vesicles usually varied from 40 to 45 nm, while a heterogeneous population with different diameters was observed with control lipid vesicles.
DISCUSSION
This report describes the successful purification of the two PI3 virus envelope glycoproteins, HN and F, using specific monoclonal antibodies coupled to Sepharose 4B as the matrix. The glycoproteins are present in the plasma membranes of infected cells and are probably the primary targets for immune recognition. Antibodies to these glycoproteins are expected to prevent initiation and spread of the infection process. In an earlier study, the mixed envelope glycoproteins were evaluated as a subunit vaccine and found to confer protection against challenge infection in hamsters (Ray et al., 1985) . Purification of measles virus glycoproteins and the fusion protein of mumps virus has been reported using immunoaffinity chromatography with monoclonal antibodies (Bellini et al., 1981 ; Varsanyi el al., 1984 Varsanyi el al., , 1985 Server et al., 1985) . The present work was undertaken to purify the two parainfluenza virus glycoproteins and to obtain them in sufficient quantity for eventual use as a subunit vaccine. Purified HN retained HA activity, although the titre, when compared with virus preparations, was observed to be lower. This probably resulted from aggregation of the purified HN as reported with purified measles virus glycoproteins (Bellini et al., 1981) .
Rabbit antiserum raised against purified HN exhibited surface IF with virus-infected cells, neutralization of infectivity and HI. On the other hand, rabbit antiserum to the purified F glycoprotein demonstrated surface IF with infected cells, neutralization of virus infectivity and FI of virus-infected cells. These results indicate that antigenic determinants of the two glycoproteins are conserved during the purification procedures. The eluted glycoproteins showed extensive aggregation during concentration. Similar aggregation was encountered with envelope glycoproteins of SV5 (Scheid et al., 1972) . The concentrated glycoproteins were successfully reconstituted into lipid vesicles by using dialysis tbr removal of cholate. The availability of reconstituted glycoproteins in lipid vesicles should facilitate studies of the biological interactions of F with mammalian cells. The reconstituted vesicles are also of interest for investigation of the cell-mediated immune response, particularly the generation of cytotoxic T cells in animal models, as has been studied with Sendai virus (Finberg et al., 1978) , influenza virus (Koszinowski et al., 1980) , Semliki Forest virus (Morein et al., 1978) and vesicular stomatitis virus (Loh et al., 1979) . The individual subunits of viral glycoproteins have been reported to be less immunogenic when compared with their multimeric forms (Jennings et al., 1974; Morein et al., 1978 Morein et al., , 1983 ). An increase in efficacy of subunit vaccines by reconstitution of the spike proteins into lipid vesicles (virosomes) was suggested to occur because of the formation of multimeric structures with a high surface density of spike proteins, similar to the surface of the virion (Morein et al., 1978) . The availability of purified PI3 virus F glycoproteins in the form of reconstituted vesicles will facilitate studies of the immune response to this glycoprotein and formulation of the required proportions of HN and F necessary for an optimum immune response in a subunit vaccine preparation.
